I. Introduction
===============

Angiokeratoma is a rare cutaneous vascular disorder of the papillary dermis that is characterized by one or more dilated vessels in the upper part of the dermis. In the majority of cases, it is also associated with epidermal reactions such as acanthosis and/or hyperkeratosis[@B1]. This disorder can be classified into five types: (1) a generalized systemic form (angiokeratoma corporis diffusum of Fabry); (2) a bilateral form occurring on the dorsal surfaces of the fingers and toes (angiokeratoma of Mibelli); (3) a localized scrotal form (angiokeratoma of Fordyce); (4) a solitary papular angiokeratoma; and (5) a multiple papular and plaque-like form (angiokeratoma circumscriptum)[@B2],[@B3]. Although the clinical characteristics are different, common histological features include hyperkeratosis of the epidermis and dilated vascular spaces with or without organizing thrombi in the papillary dermis of cutaneous lesions[@B4],[@B5]. Among the five types of angiokeratomas, solitary angiokeratoma is the most common, and angiokeratoma circumscriptum is the least frequent[@B2].

Most of the cases of angiokeratoma in the oral cavity have presented in conjunction with generalized systemic conditions (Fabry disease and fucosidosis). Isolated oral angiokeratoma unrelated to any systemic disease or cutaneous lesion has been rarely reported. To the best of our knowledge, only ten cases of isolated angiokeratoma in the oral cavity have been reported in the literature[@B3],[@B4],[@B5],[@B6],[@B7],[@B8],[@B9],[@B10],[@B11],[@B12].([Table 1](#T1){ref-type="table"}) The majority of reported oral angiokeratoma cases occurred on the tongue, but one case involved the buccal mucosa.

In this report, we describe an additional case of angiokeratoma circumscriptum in the oral cavity that involved the buccal mucosa without accompanying systemic disease or skin lesion. To characterize this unusual oral lesion, the surgical specimen was analyzed by immunohistochemistry for the expression of vascular endothelial growth factor (VEGF) and its two receptors, VEGFR-1 and VEGFR-2.

II. Cases Report
================

An 18-year-old female patient was referred for an evaluation of a dark-colored, painless, elevated lesion in the oral cavity. Clinically, a 5×2-cm-sized, multi-lobular, irregular, raised lesion was observed on the right side of the buccal mucosa.([Fig. 1. A](#F1){ref-type="fig"}) The lesion was firm, did not bleed on manipulation, and was not accompanied by mucosal ulceration. The patient had no history of trauma. She had first recognized a small lesion on her cheek mucosa about three years prior, which had gradually increased in size. She had no history of systemic diseases or of skin or mucosal abnormalities. Magnetic resonance imaging showed an ill-defined, heterogeneously enhanced lesion on the right side of the buccal mucosa.([Fig. 1. B, 1. C](#F1){ref-type="fig"}) A punch biopsy of the lesion showed epithelial hyperkeratosis, acanthosis, papillomatosis, and large dilated cystic lesions containing erythrocytes under the epithelial tissue.([Fig. 2. A, 2. B](#F2){ref-type="fig"}) These characteristics were consistent with angiokeratoma. Under general anesthesia, the cheek lesion was completely excised, and the surgical defect was primarily closed with a cheek advancement flap.([Fig. 3. A, 3. B](#F3){ref-type="fig"}) The patient was followed for more than three years without any evidence of recurrence.

To confirm the angiogenic characteristics of the tumor, the specimen was immunostained for VEGF and two of its receptors (VEGFR-1 and VEGFR-2). For immunohistochemical analysis, the tumor specimen was embedded in a paraffin block, cut into 4-µm sections, and mounted on glass slides. The sections were maintained at room temperature for 12 hours and deparaffinized. After hydration, immunohistochemical staining was performed using an automated immunostainer (BenchMark XT; Ventana Medical Systems Inc., Tucson, AZ, USA), and detection was performed using the UltraVIEW Universal DAB kit (Ventana Medical Systems Inc.) according to the manufacturer\'s protocol. Briefly, sections were deparaffinized using an EZ Prep solution (Ventana Medical Systems Inc.) and then treated with CC1 standard (ethylenediaminetetraacetic acid \[EDTA\], pH 8.4) for 60 minutes at 100℃ for antigen retrieval. Next, the slides were treated at 37℃ for 4 minutes with UltraVIEW Universal DAB Inhibitor (3% H~2~O~2~) to block endogenous peroxidase activity. Slides were then incubated at 37℃ first with each primary antibody for 32 minutes and then with the secondary antibody (Universal HRP Multimer; Ventana Medical Systems Inc.) for 8 minutes. Finally slides were treated with DAB+H~2~O~2~ substrate for 8 minutes, and nuclei were counterstained in hematoxylin II and bluing reagent at 37℃. Immunostained sections were photographed under a Nikon Eclipse Ti-U microscope (Nikon Instruments Inc., Tokyo, Japan), and the proportion of positive staining was calculated for both endothelial and stromal cells in the lesion. At least three different specimens were used to calculate the proportion of positive cells. The primary antibodies used and the results of the immunohistochemical staining are summarized in [Table 2](#T2){ref-type="table"}.

Immunostaining revealed that the stromal cells in the lesion and endothelial cells lining the pathologically dilated vessels expressed VEGF and its two receptors (VEGFR-1 and VEGFR-2).([Fig. 4](#F4){ref-type="fig"}) Among both stromal and endothelial cells in the lesion, the percentage of positive-staining cells was higher for VEGFR-2 than that for VEGFR-1. Interestingly, some endothelial cells showed co-expression of VEGF and both of its receptors (arrows), whereas others co-expressed only VEGF and VEGF-2 (arrowhead). Proportions of the cells staining positive for each of VEGF, VEGFR-1, and VEGFR-2 are shown in [Table 2](#T2){ref-type="table"}.

III. Discussion
===============

The first case of angiokeratoma was reported by Mibelli in 1890, and the manifestation of the disorder found on fingers and toes is now known as angiokeratoma of Mibelli[@B13]. Angiokeratoma circumscriptum was first described in 1915 by Fabry as a localized lesion on a lower extremity[@B13],[@B14]. It typically occurs unilaterally on the lower legs or feet, but it has also been observed on the thighs, buttocks, or elsewhere. The lesions are deep red to blue-black in color and are usually elevated, warty, purplish and compressible papules[@B13]. In most cases, angiokeratoma circumscriptum is present at birth, but in some cases, it develops during childhood or adulthood[@B4],[@B7].

Oral mucosal involvement is most commonly detected as a component of angiokeratoma corporis diffusum (Fabry disease and fucosidosis). However, the oral mucosa is very seldom involved in other types of angiokeratoma[@B3],[@B4]. In addition to the present case, a review of the literature revealed ten cases of isolated angiokeratoma that occurred in the oral cavity.([Table 1](#T1){ref-type="table"}) Of those, four cases were solitary angiokeratoma and six were angiokeratoma circumscriptum. Except for one case of solitary angiokeratoma that involved the buccal mucosa[@B6], the remaining nine occurred on the tongue (pathologically, six were angiokeratoma circumscriptum and three were solitary angiokeratoma)[@B3],[@B4],[@B5],[@B7],[@B8],[@B9],[@B10],[@B11],[@B12]. To our knowledge, the present report is the second case published on isolated oral angiokeratoma confined to the buccal mucosa and the first case report on angiokeratoma circumscriptum involving the buccal mucosa.

The histopathological features of angiokeratoma in the oral cavity are similar to those in skin lesions, which are hyperkeratosis, acanthosis, papillomatosis of the squamous epithelium, and dilated subepithelial blood vessels with thrombosis[@B5]. The pathogenesis of angiokeratoma is still unknown. It has been thought that altered hemodynamics, such as local injury to papillary capillaries, cause telangiectatic lesions in the papillary dermis with overlying reactive hyperkeratosis and acanthosis of the epidermis[@B3],[@B4]. Interestingly, matrix metalloproteinase-9 (MMP-9) has been identified in the epidermis, particularly in hyperkeratotic lesions of angiokeratoma circumscriptum, by immunohistochemistry[@B15]. The expression of MMP-9 may be related to the hyperkeratotic changes in angiokeratoma[@B3],[@B15].

In the surgical specimen analyzed in the present study, VEGF and its two receptors (VEGFR-1 and VEGFR-2) were expressed in the endothelial cells of dilated vessels. VEGF has been characterized as a heparin-binding angiogenic growth factor that plays a critical role in angiogenesis and vasculogenesis during tumor growth and tissue regeneration[@B16],[@B17]. Of the several VEGF receptors, VEGFR-1 is primarily involved in cell migration and vascular maintenance rather than cell proliferation, whereas VEGFR-2 participates directly in regulating cell mitosis and proliferation; however, their precise roles have not been completely elucidated[@B16]. In the specimen analyzed in the present study, immunostaining intensity was stronger and the proportion of positive cells was higher for VEGFR-2 than for VEGFR-1, indicating enhanced cell proliferation of endothelial cells. Additionally, the coexpression of VEGF and both of its receptors or only VEGF-2 was detected in some of the endothelial cells lining the pathologically dilated vessels. The coexpression of VEGF and VEGFRs by the endothelial cells in the lesion indicates that VEGF is an autocrine growth factor for these cells[@B17]. These results suggest that endothelial cells in the pathologically dilated vessels possess VEGF autocrine growth activity involved in vasculogenesis and maintenance in the angiokeratoma lesion.
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![Preoperative clinical and magnetic resonance imaging (MRI) findings. A. Primary lesions presented as multiple, small, irregular, raised lesions on the right side of the buccal mucosa. B, C. MRI shows an ill-defined heterogeneously enhanced lesion on the right side of the cheek (arrows).](jkaoms-40-240-g001){#F1}

![H&E staining showing the histopathological features of the angiokeratoma circumscriptum lesion on the buccal mucosa (scale bars=200 µm). A. Low-power magnification shows epithelial hyperkeratosis, acanthosis, and large cystic lesions. B. High-power magnification shows erythrocytes filling the dilated cystic lesion. These pathological features are consistent with those of angiokeratoma circumscriptum.](jkaoms-40-240-g002){#F2}

![Intraoperative and postoperative views. A. The cheek lesion was excised, and the surgical defect was primarily closed with an advancement flap. B. Two months after the operation, the surgical site was healed uneventfully.](jkaoms-40-240-g003){#F3}

![Immunohistochemistry for vascular endothelial growth factor (VEGF) and both of its receptors (VEGFR-1 and VEGFR-2) (scale bars=100 µm). VEGF, VEGFR-1, and VEGFR-2 were expressed in endothelial cells and stromal cells in the lesion. Staining was stronger and the proportion of positive cells was higher for VEGFR-2 than for VEGFR-1. Several lesion cells co-expressed VEGF as well as VEGFR-1 and VEGFR-2 (arrows). In addition, some additional endothelial cells stained positive for VEGF and VEGFR-2, but not for VEGFR-1 (arrowheads). The coexpression of VEGF and its receptors suggests that VEGF is an autocrine growth factor for endothelial cells in the oral angiokeratoma circumscriptum lesion presented in this study.](jkaoms-40-240-g004){#F4}
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(VEGF: vascular endothelial cell growth factor, VEGFR-1: vascular endothelial cell growth factor receptor-1, VEGFR-2: vascular endothelial cell growth factor receptor-2)

^1^Santa Cruz Biotechnology Inc., Dallas, TX, USA. ^2^Abcam, Cambridge, UK.

Values are presented as mean±standard deviation.

[^1]: ^\*^These authors contributed equally to this work.
